2123229 "CONTROL Cl RCUI TS FOR PHASE LOCKED LOOPS" This i-nvention relates to
a control circuit for phase |ocked |oops, and particularly to a band- wdth
,ao rol circuit for phase l.ocked | oops used in a frequency synthesizer. 5

e | ocked | oops are used in frequency synthesizers to provide
refati vel y wi de range. of selectable frequencies having the stabi 2.1232%9
reference oscillator which is typically crystal controlled. Such a w de K
frequency range requires 10 that the_fylter in the phase |ocked | oop ’
have a variabl e bandwi dth so that when a frequency change is programmed or
requi red, such a change can be nmade in. a small anount of time. The rate of
change depends on the | oop control voltage, which in 15 turnis limted
first by the. anmoUHONTRCLGIRGUETIVEORaBHASESEOGKED LBSPSIbp control
voltage is further linmted when a relatively low cutoff frequency filter is
inserted into the phase | ocked | oop control line to reduce noise and
frequency 20  nodul ati on THis hinvehtige crendatek| §¢ aseciontaodr dirauie

bhase Tocked Ioop 30k Aabé loBEed PLO6HS, TantPparkiulart (o) d'badus,
(such as a one shdwlﬂﬁmt¢®n%ﬂ@}o@?rﬂhi§hf9ﬁ|PP&FPy12erdamqaR§ﬂ%ﬁ%9ng with

a relatively h!ghfﬂlgeyréﬁﬁguwﬁtg néﬁésizbbe tlnlng circuit tines out It
switches the filter to ar Iat|Vf é gm/ andwi_d Fﬁg ver, there
several probl®ns associ at ePIRE nLLEER 1PPRFn6r8|P8& IrfF&auesP |f f or
sone reason the vagmigeesirérsl tedppevilibatoredasdivedly ofideoctangzafe of a
noLse burst or pulggﬂg@;@,igefpga\@gnagggl Ka¥ihg2%he STQAVAANE dOK 6\.‘
e reference oscillator which is typically crystal
controlled. Such a wide frequency range requires
10 that the filter in the phase locked loop have a
variable bandwidth so that when a frequency change
is programmed or required, such'a change can be
made in a small amount of time. The rate of change
depends on the loop control voltage, which in
15 turn is limited first by the amount of loop gain
available. Second, the loop control voltage is
further limited when a_relatively low cutoff
frequency'filter is inserted into the phase locked
loop control line to rgduce-noisenand frequency
20 modulation of the voltage controlled oscillator (_
by the reference frequency. In prior art circuits,
most fiiter switching in a phase locked loop has
been accomplished by using a fixed timing eircuit
.(such as a one shot multivibrator) which initially
25 ‘allows locking with a relatively high filter -
bandwidth. After the timing circuit times out,
it switches the filter to a relatively low '
bandwidth. However, there are several problems
associated with such a timing circuit. First,
30 if for some reason the voltage controlled oscillator

6

goes out of lock because of a noise burst or pulse
‘from the power supply voltage, the normal lock

35



35 -2- detector might .not detect the loss O lock for many mllisecond
so,that a transmtter whose frequency source is the voltage controlled @

osci |l ator might produce a carrier or high | evel noi'se over a good 5 N

portﬁgr of the adjacent frequency spectrum The second problemis that th
fixe&®ine allowed for the voltage controlled oscillator to settle to, the.
newggbnnanded frequency may not be | ong.ehotigh for the particular frequency
chamhge i nvol ved. When 10 the bandwidth is reduced after this fixed tinme
but before the transmtter has settled to the commanded frequency, the

t 1 tt desired fre; | i ' interf

it s £ roquorSotege i RERnE ot THELEL Enditded N e b i e
relatively fast anilliiseéondisionsy timngestBARAALL her s enlitequenelyat i vel y
w de bandwi dth fi I_t,g{n.&érfgn éhé {*méefﬁae%gaé@nﬁmjgpéh I%.lﬂg&r g;itéq.ltvol t age

controlled oscillator produces commanded frequency, 2 the filter
circuit should proRfedueeral ecarnies orrhiSR p&YRG Raiserfyes &&rodi nvent i on

provi des an i BprovportibsUbs £1é 4@%&55&&if@kqﬁsh&yﬂgbﬁdtﬂnmﬁ qnfe | ter -
P omaphase Locked k8Gkq ArSubes LAl A6 LSRR S, SRR ol
signal fromthe phtite veltagercamtralledieselllatuer |toy sitgia tios thenpar ed
inafirst comparahey dbhdahdéa heloddt!ndP dif e i Bl ieth
’ the particular frequency change involved. When
5 10 the bandwidth is reduced after this fixed time but
_\/ before the transmitter has settled to the commanded
' frequency, the transmitter may produce undesired
féequencies with associated interference until its.
_ frequency is correct. -
15 From an ideal standpoint, relatively fast
' and wide frequency changes should be made with a
relatively wide bandwidth filter circuit in the
phase locked ioop.~,After the voltage'eoptrolled
oscillator produces the new commanded frequency,
20 the filter circuit should provide a relatively narrow
bandwidth. _ ' '
The present invention provides an improved
circuit for controlling the bandwidth of a filter
- in a phase locked loop. The eircuit uses the phase
25 detector output signal and produces both a relatively '
high signal_ahd a relatively low signal from the
phase detector output signal, The low signal is
compared in a first comparator with the high signal
. as delayed by a charging ciréuit; and the high
30 ,signél is éompared in a second comparator with the
low signal as delayed by a'charging circuit. For
increases in the phase detector output,. the first
comparator produces aﬂ output in response to a
~ prelatively low signal exceeding the high signal
35 until the high signal charging circuit delay ends.
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30 -signal is conpared in a second corparator with the | ow signal as
_-delayed by a charging circuit. For increases in the phase detector

(o] .the first conparator produces an output in response to a relatively
Ignal exceeding the high signal 35 " until the high signal -.charging
C At del ay -ends. -3- For decreases in the phase detector output, the

second conparator produces an output Lngresponse to a relatively |ow signal,
exceeding the high signal until the |ow signal charging circuit delay endsz
5 The conparator outputs are conbined so that a circuit output is

produced in response to and for a duration related to either of ‘the
conpar at or out pufer d¢¢n¢a$msthmntb¢eph%$@1@dte©toheomhgmtxudbeof t he

out put signal s féég@ﬁ@ec dé&EandmndtﬁQ? ?@£e§§n;es%ﬁ§ sgircuit

out put can be used to prOV| ter end of the

circuit output, "tq’leaf‘i'ﬂ%'?i‘b%#ﬁdvﬂ-‘?i‘l’ rﬁ%&?@%ee%l‘é%?%%\%%dth%yhm stgeahinpl e
~only, an enbodi rmmipftﬁé]elmvsmn@n ¢Earéim1§téﬁi'&ﬁlit ndelabﬁ ‘@s€9mpanyi ng

R R A T W
[ nvent ion; Fi gurmﬁcui:taowmetmis cproduced mag;aWMezm and hfoxont r ol
ggﬁf?éf c?pgurl of ure 2 é?i?ﬁgé##ﬁiérﬁfl§$F1§ﬁhgﬁﬁéﬁégfgnfgftE?gure
1, thIS shows a.QQ#Q?%#:CWh%Q#ti%nﬁwm&lﬁﬁﬁt pelated to the magnitude .
- of the output signals from the phase detector. When
10, present, the circuit output can be used to provide- : i
‘a wide bandwidth filter. At the end of the circuit
output, the filter bandwidth can be decreased. ,
By way of example'only, an embodiment of the
invention is illustrated in the accompanying drawings,
15 in which: :
| Figure 1 is a block diagram of a frequency
'synthesizer-hav1ng a phase locked loop and a control
eireuit embodying the invention;
 Figure 2 is a schematic eircuit diagram of
20 the control circuit; and '
Figure 3 shows waveforms 111ustrat1ng the
operation of the control circuit of Figure 2. _
- Referring first'to the block diagram of o,
Figure 1, this shows a control circuit embodying the

25 invention used with a known frequency synthesizer
having a phase'locked'loob. As knouwn ingthe art, .
- such a'synthesizer may comprise a stable reference . e
“oseillator 10 whieh is ndhmally erystal controlled. .
“‘The frequency of this'oseillator may,_if desired, be x

30. multiplied up or divided down in frequency after.
which its output is applied to a first input of a .
'phase deteetor 11. The output of the phase detector 11
is épplied through a filter cirecuit 12 to the input
of a voltage controlled oscillator 13. The output
- 35 of the oscillator 13 is derived for any suitable use,



25 i nvention used with a known frequency synthesizer having a phase

| ocked | oop. As known in the art, such a synthesizer nay conprise a stab
reference oscillater 10 which is.normally crystal controlled. The frequen
of thiS oscillator may, if desired, be 30 rnultiplied up or divided down "
in frequency after. - which its output is applied to a first input of a
phage-detector 11. The output of the phase de%ector 11 is applied through a
filter circuit 12 to the input of a voltage confrolled oscillator 13. The
out put 35 of the oscillator 13 is derived for any suitable use, such

as aradio transmtter or receiver. The outgut of the oscillator 13 may be
di vi ded down in freqB8fRyadrantdeipl teranspl ﬁefr%ﬁu@ﬂ%?lvﬂ%penﬁﬁﬁgoﬁhhﬁtthe

circuit requirenmentsef tRHetbScfXBabbe $bomaylﬁe5d1vid£agwéﬁn11nlfré@ueney
assuned that the output o pown in frequency

t
by a1 vi dor 14 and SRpRRLELPEEECkR Bl Fraduedey: ASERalhig e oFH4T ae
‘known in the art, 'a chneutt sefeiremenbsiaylb. theoexauprel shoWMe1m|V|der 14

to 10 changg t he ﬁiéhgﬁanapgklgg 19s ?g?ogﬁg ttﬁéggﬁ*€u§rgp1%§

osci |l |l at or and- t de"t he g ro he os
provi ded by the phas@sebtlatorodp. 1s Tdivided ydewnsigeSreqanenicy hby #ar i s

known. 15 in thedﬂﬁiderﬁﬁunEﬁalQﬁﬁﬂl&@rﬁbeé sééoﬁ@eiﬁbﬁﬂan §§éector 15
is,switched rapidly

cause | de 4 t e .t he, di vi sor
o vels e hegacae Rt lSR oLl ke Sk Bn L RaERs cah o5 CONEPRET abl o
time in order to achseYectorklfnflagabsec@finected hbovbhé agividerr vl &d

OSﬁLLlator 31b0 progﬂgﬁgéhﬁhe:diviSOr applied to the ocutput signals .
from the oscillator. 13, and thhs change the output
from the oscillator 13 as provided by the phase
locked loop. .

The circuit as deseribed thus far is known
15 in the art. As mentioned earlier, if the channel
selector 15 is switched rapidly or causes the
divider 14 to change the divisor by a relatively
large magnitude, the phase locked loop may require
_'eonsiderable time in order to achieve lock and cause
20 the voltage controlled oscillator 13 to produce the
' ‘new desired output frequency. ihis is particularly
_ _ true if the filter 12 has a relatively narrow band-
A o width, a condition normally required to reduce noise
~or spurious radiations from the oscillator 13. And.
-25 during the time that the phase locked loop is out
of lock, the oscillator 13 may and frequently does

Cos - produce undesired and widely varying output frequen-
cies. - In order to reduce these undesired effects a

R ' - eontrol circuit 20 receives an output from the phase

30 detector 11 and supplies this output to the filter 12 _
' to cause the filter 12 to switch bandwidths. As will
be explained in detail, control circuit 20 produces
a first output in'response to a relatively low output -
from the phasé detector 11. The first output may
35 be used to cause the filter 12 to have a relatively



s a relatively narrow band- width, a condition normally required to
duce noise or spurious radiations fromthe oscillator 13. .And 25
.during the tine that the phase | ocked loop is out of lock, the oscillator
13 may and frequently does produce wndesired and w dely varying out put
- frequen- cies. In order to reduce these undesired effects a control. CIrCUIt

Ut put o the 1 Lento, MHAAUMEEAG hense Wr“%%ﬁ%“"rﬁ“ﬁté’e s
out pu i r Us Wi wi dt hs
will be explai nedndgsddesd ra %c"@&t’ﬁﬂ gr%lqhezﬁ%m a]%f Kh%ut put in
response to a releamnteily dmwumiraﬂ pt;]rrcmncfdse ap e e toartipurt J:Lh reBpordde st
out put ‘may 35 er r fi.V

put may 35 s 430G I8 M Sk W IHRA TRlalusl v

-5- narrow bandw R, "an enc ce n I'se an un eS|re °%di ati ons
from the os2il| atuewtil3 tiize high otitr ceare2@esn dduddae a:@erdm@lam put in

response 10 a I eliidhed 1k Ydvpie ! Mhe RS QU Wonl Lot

t hi s hi gh out put decreases to the previaqusly nmentio W Quf put

second out put f r SrhrEY A0 é'tarCLHet uged e (feURSe PR IS thee ¥ 1hasie 12 to
have a relativel wn \Med.eﬂiareiw didde bamduidth spaind ttmaplmbxtm r@fp:khe phase

| ocked loop to bci l&tg 5nzfi%%\%ne clhoc}z%d lo% r%% t(?zf%r r%%r%dso rﬂ@'#pﬁ I ed

wth a fre uency chnan erive € cha .
sel ector 180 and edireuidn Z&Jtmadf alsek be Mpmdchﬁmiy B ndueny charfgom G

the phase “det Yighh1 wHIRI ndly0HY ABVE £GRA tHle QHardL <D ddbdl gduce
t he second output SI whi ch may be used to cause the filter 12 to
have a wi de nd with an out-of-lock signal which may be derived
from the phase detector 11. These signals permit
control circuit 20 to produce the second output signal
15 which may_be used to. cause the filter 12 to have a wide
' bandwidth. An output may also be derived from control
circuit 20 for application to a transmitter and/or
receiver for momentarily'cutting these devices off
o during the time the second output is produced.
20 .. Figure 2 is a schematic eircuit diagram of
' control circuit 20. - Signals from the phase detector 11
are applied to a vqltage'divider-eomprised.of"resistors
R1, R2 connected in series between an input terminal 22

<Z§§u4desired output frequency. This is particularly true if the tilter'12

—b

e

and a point of reference potential, such as ground.
25 ' This voltage divider causes the phase detector signal Ry
td have a relatively high input at the.ﬁerminal H, and
a relatively low input at the terminal L. The high
input terminal H is cbupled through a resistor RU4 to

the minus input of an operational amplifier A1 ' U
30 connected as a comparator circuit, and through a
‘resistor R6 to the minus input of an operational o=

amplifier A2 also connected as a comparator circuit.
" The low input

35




bandwi dt h. An out put nay al se-be..deri ved ernlchtroI circuit.20 for L
application to a transmtter and/or receiver for nomentarily cutting the.
devices of f .during the-tinme the second output is produced. 20
Figure 2 is a schematic circuit diagramof "control circuit 20. Signals f
the_phase detector 11 are applied to a voltage divider conprised of
resL§tors Rl, R2 connected in series between an input termnal 22 and a
poi nt of reference potential, such as grqund. 25 . This voltage divider:
causes the phase detector signal to have a relatively high input at the
terminal H and a relatively low input at the terninal L. The high input
termnal His coupled through a resistor R4:to the mnus input of an

operational anplifier A 30 connected as a conparator circuit, and
through a resistor R6 to the mnus input of an operational anplifier A2
al so connected as a conparator circuit. -Tee. | ow i nput 35 -6- termnal L

is coupled throughm&na&mnnxs daupledothheughua repu@uﬂztnuefwwthélpnuﬂ

oy P00 SRR Re B ArbA{RLEE (Ra) WBHD SheblBR DI FAE pyleb ™
m nus i.nput of the. B&pslhmgubNoﬁuthgrmmmH;faad a25|m3<ﬁﬂmg/dzlemut ' :
conprising a c gf?h&?&dgﬂﬂp%f§¥ﬂgﬂﬁfﬁkﬁ 33 Eﬁe1§L dH%Ee fbé@?een

anplifier A2 and™groun ay Ci s provi el a
reasons. t ha? mnthebmlanﬁamnpmt oﬂ?kheuamplsfoErthd 3hd gmqnnd;eaadAa A2

are coupl ed thr oygh- baghy i1 &l A Cokbr 1 D2nb0a’ RPFBIR AR @S PUS 21 The

owt-put bus 21 is
W, _ connected between the plus 1nput of the amplifier A2 and

‘ground. - These delay cx;culhs provide a time delay for
‘reasons that will be explained. The outputs of the
10  amplifiers Al, A2 are coupled through isolating diodes
" ‘D1, D2 to a commcn output bus 21. The output bus-21'i3“
.coupled ‘through an isolating diode D3 to the minus input
of-an operational amplelet A3 connected as a comparator
‘circuit, and through .an- 1solat1ng diode D4 to the plus
.15 1nput_of an operational ampllfler A4 also connected as a’
comparator circuit. A voltage tefetence circuit is
provided by re51stors R10, R1l. connected in series p
between a voltage B+ and ground. The plus input of the
' L . _amplifier_As and tne minue input of che amplifier A4 are
20 connected to the junction of the resistors R10, Ril.
Also, a filter circuit comprising a-resietor R8 and a
_ capacitot C3 jis ccnnected between the minus input of the
. ' amplifier A3 and gronnd, anc a filter circuit comprising
_ a resistor RS and capacitor c4 is coupled between the
25  plus 1nput of the amp11f1er A4 and ground. And finally,
‘the out-of-lock s1gnal is connected through a diode D5
to the ccmmcn output bus 21, and the frequency change

t e

'_s1gnal is coupled thrcugh an 1solat1ng d1oae D6 to the
common output ‘bus 21.
.30 _ The output of the amp11fxer a3 can be applied to :



éd through an isolating diode D3 td the’m nus input. of an opérati‘onal - -
)fier A3 connected as a conparator circuit, and through-an isolating -
: e D4 to the plus .15 input of an operational anplifier A4 also
connected as a conparator circuit. A vol-tage reference circuit is, provided
by resistors R10, Rl1l connected in series bet ween a vol t age B+ and ground.

. The plus input of the anplifier A3 and the minus input of the anplifier A4,

“are 20 connected to the junction of the resistors R10, R|. A so, a ~/

filter circuit conprising a resistor R8 and a capacitor C3 is connected
between the m nus input of the anpli-fier A3 and ground and a.f.ilter
circuit conprising a resistor R9 and capaC|tor €4 is coupl ed between the 25
plus input of the anplifier A4 and gr And finally, the out-of-Iock

- si.gnal is connected through a diode to t he common out put: bus 21, and the

frequency chgnge wddHhit eefOURETYL! *Fe@éqwﬁ f‘?ﬁ'é{xteg nfl Ahe to the

conmon output bys 2 I er can be

applied to e"?-—"ﬁ%é’ﬁ?an%ﬂﬁ’tﬁ@? QHG}P&‘: r%fceﬁ%raﬁlﬁlléuﬁtfl Ad @amsdelevi ces

of f, and thecwm&téa‘ tdsnetneptutor: A% Ut Qﬁxﬁﬂ@ﬂﬁ?th gést elnta][t%dﬁé-tpder ;-é
e anp Iflers

for changi ng | charac The owut puts_of
are. 5 appFitS "t‘i?‘t he'h?ﬁn gﬁ\ ﬁgl tg‘le SFEeAIA3AZ @8 pl us
terni nal 5of applded Hfd ethéVlmJ.nNQr &alrkn\i,natlheaﬁrmkéfaﬂpﬁha&%@%@n

out put becau it s-te li.e a -positive_voltage by the
resi stor RIO ﬁlgélﬁ iﬁﬁfoﬂfoi %ﬁk e%ﬁAﬁhe Yormaldy. thq A3 can !

be used to campdfiifficir &3 ﬁf@ﬂﬁdﬁBOahfﬁmﬁﬁdﬂfﬁeé&uséeltédpiu@ﬁce'Ver or -

resistor Rlo._ Thus, e11m1natxon of the output of the
10 ampllf1er A3 can be used to cut off e:ther the radio
'transmltter or ‘the radio recexver, or both if desired.
Normally, the amplifler A4 produces no output because
its minus terminal is supplled with a positive voltage
by the res;stor R10. When the ampllfler A4 produces’ no.
15 cutput, thzs can be used to cause the fxlter 12 to have
a_relatlvely narrow bandw;dth, _However. when the
~amplifier A4 produces an-output,'this can be used to
cause the filtet lzloo'havé a télatively wide bandwidth.
Such bandwidth can be accompl;shed in any number of

%
i

’
Ry

bOth | f des'E%@mxnal is supplzed Wlth & positive voltage by the T\

.20. . known ways, such as supplying or ellminatlng capacitors. -

~ from the filter circuit. :
* The opetatzon oftme c1rcu1t of FIGURE 2 will be
_explained in connection with the waveforms plotted along

a common tlme axis in FIGURE 3. FIGURE 3A shows the 5

25 . input signal applied to my circuit from the phase

detector 11; FIGURE 3B shows the 1nputs applxed to the ™ ~ *

..ampl1f1er Al, the dashed line representing the input to
- the mlnus terminal ‘and’ the solzd line represent1ng-the
input to the plus terminal. FIGURE 3C shows the 1nputs
30 - applzed to the amplifier Az, the dashed 11ne repre-



Nor mal I'y,- the anplifier A4.produces no-output because its-mnus termnal=is-——==
suppl-ied with a positi've voltage by the resistor [err].. Wen the anplifier Fgm
A4 produces no 15 -output, this can be used to cause the filter 12 to have (

a relatively narrow bandvi dth. However, when the anplifier A4 produces an

out puts this can. be used to cause the filter 12 to have a relatively w de
bandwi_dt h. Such bandwi dt h can be acconpl i shed in any nunber of .20. known
ways, such as supplying or elini-nating capacitors. fromthe filter circuit.

The operation of thecircuit of FIGURE 2 will be expl ained in. connection

with the waveforns plotted along a common tinme axis in FIGURE 3.~ FlI GURE 3A
shows the 25 i nput signal applied to ny circuit fromthe phase detector

11. FIGURE 3B shows the inputs applied tcathe anplifier Al, the dashed

line representing the input to the mnus t®m hal and the solid Iine

representing- theé%Hﬁ%f#‘ﬁéQe§ﬁéH§agﬁr 'm;nJﬂ‘%ﬁghéc:éHB“@hEhﬁe&Q@Pﬁidﬂi

applied to the a Il ne.repre- senting t I nput to
t he mi'nus input, r&ﬂfﬁﬁ%“%bﬂﬁdthﬁnénm é:saerhhengplme input.t oFARHRE 3P

i nput. - FI GURE -3 ng#w$ e t ~@f eéﬁ?a shows
t he out put. of theIg anpli %ro%bag o £hid iéi&ae 5W§H§I EI'\:@dal%s:‘:"iii%ssum::d
that the |nput1n§hQEScth%uﬂ?t§§tsﬁ§w#h€1amﬂijisﬁﬂ\$3-at its stable or _
norgal value§ Wth t r pgl p t n1 u I u

anpllfler Al exceeds p%§18?ugatgbglﬁg S Eﬁ' i% ithé'%aialmlré%J tgﬁ% %h oiP EP
the _.anplifier 10 toO Ahep‘?bﬁqiééfy As 699}%!& 1“ IﬁmﬁéAt 8 atnisst stabdg or

i nput .of the a”mdétﬁﬁlA?afﬁéeedﬁ1tﬂetﬂﬂ§5n&éﬁéﬂrEﬁp&BPUEthmihﬁsa”p|'f'er
"2, ée/that the amméginalA%nput of the amplifier Al exceeds the plus
termxnal input of the amplifier Al so that the amplifier
10 a Produces no output. Likewise, the minus terminal
-input of the amplifzer A2 exceeas the plus-tezpinal
input of the ampllfier a2 so that the amplifier A2
produces no output. with no outpnts_from.the amplifiers
_ al, A2, and with no out-of-lock and frequency change
15 signals, the amplifier A3 provides an output that can be.
é - " used to keep a ﬁransmitter'and/o:-receiver'Eurned on;
and_the-ampiifief A4 ptovides no ocutput that can be used.
to cause the filter 12 to .have a narrow bandwidth. . At
: ~ the time T1,we assume that the input rises by a
i 20 reiatively small mégnituée in response to a phase
difference of'tﬁe'feférence and controlled oscillator
~ signals. This causes the plus term1na1 of the ampl1f1er
- Al and the minus term1na1 of the ampleler A2 to |
increase in the same_manner. The minus terminal of the
- 25" amplifier Al and the plus terminal of the amplifier A2
also increase, but more slowly because the capacitors -
€1, C2 must be charged. But because of the small rise
in the input,the minus terminal of the amplifier al
stays above its plus terminal. The minus terminal of"
30 the amplifier A2 clearly stays above its plus terminal.

>
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oduces no output VVth no outputs frontthe anpllflers A, A2, and mnth
ngé;out of -1 ock and frequency change 15 signals, the anptlflet A3 provi des
output that can be. used to keep a transmitter and/or receiver turned
on; and the anplifier A4 pr.ovides no output that can be used to cause.the
filter 12 to have a narrow bandwidth.. At the time Tl,we assune that the
I'nput rises by a 20 rel atively snall magni tude in response to a phase /-
difference of the:reference and controlled oscillator signals. This cau§és
the plus termnal of the anplifier and the mnus termnal of the anplifier
A2 to increase.in the sane manner. The mnus termnal of the 25
“anplifier Al and the plus termnal of the anplifier A2 also i ncrease, but
nore slowy because the capacitors CG-9 Q2 nust be charged. But because of
the small rise in the inputthe mnus .terminal of the applifier A stays
above its plAS acreswit, nedishemampliider| poodgoest aa oyliput et Abhe

clearl y stasfdore bisshbih L& Frtilres 3 3ﬁsaaar%JuItAtneﬂét QU LREPERf i er

produces an out put” at as, S nd 3E._. At the

P e s, heherinndt Falls Fos hts SniCial eRdprtable.dalohmn The

terninal of plifs %@rﬂnihSl o&d tmd énﬁﬂﬂﬂe Aer-ghaakha metust Rearmiwalfier
A2 decrease S|ntlarly mnus terninal. of the anplifier Al and the

plus tePni n&E oihe ; a@P1 3 PPFl @rz @%%ﬂﬁ%a%bméiﬁﬁﬂ-y'bé'@é&see thR RIBYS tors
G, @ nust dapiiTcor ERECUNPLIFIGHI tdnd henespllls detafitna e mnus

Gl et ol BT AELPERdofeckeasn FIoRiHoREoHEs, DS RAPRGEER FBLL
decreases acYpl¢2 aneset gischwriges n(Hd’Wévdﬁl UBecatiBieS oFaWIRS skl 1 vl
decrease, the minus termlnals stay above ‘the respectxve '
10  plus terminals so that no amplifier outputs are
-produced. : :
. at the time T3, we assume that the - input decreases
a small amount below 1ts ‘normal value.  This causes the
amplrf1er term1nals to decrease in the manner ‘described-
15 at the.time.Tz. " In thzs ‘case, the minus termrnals
continue tq -remain above the respective plus'terminals,
so that'co amplifierfoucputS'are?produced. At the ‘time
T4, wé¢ assume- that the input rises up to its normal or
stable value again.. 'This causes the inputs to the
20 amplifiers Al, A2 to follow a similar variation as '\)"
' described for the time Tl. Again, no amplifier outputs
are produced. “ ' | L
. . However, at the txme 75, weassume that the mpuh
ihcreases by a relatively large amoun;, at least above a-_7_;
.25 threshold set by the circuit values. Such a large '
- increase would reflect a large Pphase difference between = 3
- the reference and controlled oscillator 51gnals. This .
causes the Plus termlnal of the ampl1f1er Al to rise
above the minus terminal of the ampllfler Al because an
- 30 - increase of the minus terminal_fs deleYed by the |
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—- e e

anpl i, fier- IérninaIs‘to'detreasewuﬂzuhe"ﬁanner described 15 at the tinme

T2. . In this case, the mnus termnals. continue to renmain above the U
respectlve plus termnals, sO-that no anplifie.r outputs.are produced. T
the tine T4, we- assune- that the input rises up to its norrmal or stable .
val ue, agaln This causes the inputs.-to the 20 anplifiers Al,” A2 to,

fol lpw a S|n1Iar vari ation as described for the tinme T1l. Again, no

anpll ier outputs are produced.. . . However, at the tine T5, we assune that

the input increases by a relatlvely | ar ge anDunt, at | east above a .25
threshold set by the circuit values. Such a large increase would reflect a

| arge phase difference between the reference and controlled oscill.ator

signals. This causes the plus term nal ofiqthe anpllfler Al to rise above

the mnus termnal of .the anplifier A because an" 30 increase o.f the

mnus termnal is delayed by the 10 capaC|tor Cl having to charge. -/

During the tlne|Q§Rﬁ¢t£btoé1théVGQSa&QJﬂhang()tﬁ%bhﬂgchbﬁgédm$néqgkired

m nus .term nal cagpEeX d r fi
anplifierA |l pr o& ctgsag@ cﬁgﬁggl&iﬁ tgt fEtd”'h%eéHméf\?h P@éb hﬁa }g\%\‘ﬁ Hr}%uISGJRE

3D: However, %ﬁﬂﬁ?? Faﬂ29§F88@b§§QN?¥Hﬁ;ﬁﬁ‘%bﬁi&s@ftﬁ@emﬁmﬂiﬁﬁﬂﬁﬁ

exceeds the IDI us. Ainputhesaﬁbm%zleli’ BiGHiodifeed Nd SpPuépdhtbuQmatthQ:he time
anpllfler Al _cau t he angP F A3 t 0 produce an output tha cquld turn
f)

the transmit®er 3R IGYRE cdIR_VeRe LhE| pRPdifier A2
produce an OutmﬂptéﬂﬁcGSUﬁesohhpuH|Héﬁhd§étthéEWEnﬁsmﬁdpuha%&uédas &He

the time T6, we Sopil®; ihal LhoohBRW' sPHRARES 48P ThibOoobkBalodin ‘AL
’ i ample1er Al causes the amplifier A3 to produce an ’
output that cou;d turn the transmitter and receiver off;
10  and causes the amplifier A4 to produce an output that
-causes thé'filter 12 to have a wide bandwith.
_ At the time T6, we assume that the mput decreases
rapidly to its normal valuve as shown in FIGURE 3A. The
. '_ L .am911f1er Al.pnoduces no output, as the plus terminal
15 remains below the minus:terminal. However, the minus
terminal of the amplifier A2 decreases rapidly below the
plus terminal, becauSe.tﬁg-plus terminal must discharge
_ through the capacitor C2. During this discharge time,
; the amplifier A2 produces an output as shown in FIGURE .
| 20 3E. ‘This output-fﬁom the amplifier A2 causes the’
amplifier A3 to produce an output that could ‘turn the .
transmitter and receiver off"and causes the amplifier
A4 to produce an output that causes the fxlter 12 to
have a wide bandwidth. T
'3 : 25 . At the t1me-T7,wm assume that the input decreases
' rapidly to a lower value as shown_iu FIGURE 3A. This
causes the amplifier A2 to produce’ an output at the time
T7 in the same manner described for the operation at the
. time T6. Because the magnitude of the decrease at the
- 30 time T7 is greater than the magnitude of the decrease at
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‘I‘ifier Al produces- no output, as thé plus termnal 15 renmins below -

el e it e s eesa
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ermnal. However,-the mnus termnal of the anplifier. A2

apidly below the plus term nal, because the plus.term nal nust

hrough the capacitor C2. During this discharge tine, the

amplifier A2 produces an output as shown in FI GURE 20 3E. This out put

-fromthe anplifier A2 causes the anplifier A3 to produce an output that ,-.
the transmtter -and receiver off; and causes the anplifier A4 b
output that causges the filter 12 to have a w de bandw dth. 25

could turn.
produce an

At the tinme T7,we assune that the input decreases rapidly to a | ower val ue
FIGURE 3A. This causes the anplifier A2 t.o produce an out put
at the time T7 in the same nmanner described for the operation at the tine
the magni t ude of the decregse at-the 30 ‘time Trwis greater
t han t he na de of_the decyeas

h del
IRl e ind oL FRS Rl oy s G IO AR LB AN S |

as shown in
T6. Because

greater,

dur a- tlon Qf the ouyput atttiket timeTq7 mmjgneaﬁég thant bhet dur a3, we
t+hﬁe&§ tHé“#ﬁEﬁuéeétr@Bed ()fés normal val ue as shown.in

assune t hat
FL. GURE 3A.

anplifier: A2 to @nﬂhﬁinatiwutgbtth& &emowm&decassumeopbaattbe at the

time T55
t han 10

."the duratio
cause ot'her

I's causes frer "o prioduce an output and the

PRABUY sIRILIAEF, €b 188 WA Stud NEL BRolR R 9Pote
greater, = aﬁJGDRS Akt i Brigfcansesutpet ampl itfier tkhet¢8prgdgcmta@r t han .
BgQPuEh%dﬁﬂdﬁﬁ éﬁplﬁﬁiék”ﬁzTio E@dd%é%fﬁ% 6GQBEtCQ§ngeS woul d

described for the operation at the time Ts. Because the

magnxtude of the increase at the time T8 is greater than'

the magnltude of the increase at the tzme T5, the time

‘delay is greater, amnd the’ duratlon of the’ output at the

time T8 is greater than the Quration of the output at

the time TS. .

15 .

While. other- 1nput changes would cause. other dura- .
tions of outputs, persons skilled in the art wxll

' unqe:stand the operation oﬁtm§.o1tcu1t from the examples

.given ang explained-in connection with FIGURE. 3.

The out—of-lock and frequency change signals

"applied through the isolating diodes D5, D6 can also be.

20

applied to the minus terminal of thé amplifier A3 and-

the plus terminal of the amplifier A4 to achieve the
same functions as outputs from the amplifiers Al, A2. .

Thus, an out of lock slgnal'or a frequency change signal f

could cause the amplifier A3 to eliminate its output and

25

- cause the ampllfler A4 to prov1de an output for the

functions described prevxously. _ _
It will thus be seén that we have prov1ded a new and

' 1mp:oved control circuit for use in a phase locked loop

30

for the purpose of providing a control signal which has

a duration dependent upon the magnitude of ohange of the

\J

&}



15 tions of outputs, -persons skilledin the art wll understand the. ™\
operati'on of the circuit fromthe exanples given and explained in . (ii%i}a
connection with FLGURE. 3. The out-of-lock and frequency change signals

applied through the isolating diodes D5, D6 can al so be 20 applied to the
mnus termnal of the anplifier A3 and the plus term nal of the anplifier
Ad_t/e achi eve the sanme functions as outputs fromthe anplifiers A, A2

Thds” an out.of |ock signal or a frequency gpange signal could cause the
anplifier A3 to elimnate its output and 25 cause the anplifier A4 to .
provi de an output for the functions described previously. I't wll thus be

seen that wehave provided a new and inproved control circuit for use .in a
phase | ocked | oop fphaskedptrpboe dhpptosignal.a WbhhleowWweshgvel debcchbeds

30 a duration depgpgen p niu o] of -12- phase

det ector i nput signgPi?V&FPeeﬂgsﬁgsgﬁgeggr?Egdigﬁigegﬁg’eﬁ%gg?ﬁ%nt of the

i nvention, persons 8kilied iR the art wWill appreeiate the medifieatiens

tha} - ][r_ay beAIrmdi-2 thaez}aapl eet anQeCOWFaf'aéﬁﬁmﬁh.léggthéh@éﬂyéﬂéfﬂoby t he
anplifiers A, : may_ta [ s . t.hou e

oper at i onal anplifL§§§9ulﬁfsﬁr9ag$8§agyrEEFt§@B$6&?858 By?tﬁé'cgéacﬁ¥ors
a, C may take othmayf bake, mang foomsdealthoughkl agspdefpendpatatponal
GErCU't fequ'ren?ntﬁmplifiéﬁi.cLﬁhyg; delay circuits provided by the

capacitors C1, C2 may take other forms, and provide
time delays dependent upon circuit requirements.

¥



A control circuit for a phase |ocked | oop having a reference

llator, a controlled oscillator, a phase detector having inputs coupled
fhe oscillators, and a filter coupled between an output 5. of the phase
ector and a control input of the controlled oscillator, the control

circuit conprising: first and second conparator circuits each having a

first input connected to receive a retaB+vely 'l ow voltage signal and a o
second input ceppguked to 10 receive a relatively high voltage signal in =
response toa vattage at the phase detector output; a pair of delay circuits
respectively cdupl ed t8 ERBLEBEORErFRHEL FOF 2heh2$e stodlerMbake@Br and to the
first input of hakeéngeaondrepBRacaboeisusbotNad dénthelidEraaselidtdhe
relatively high vgltagg gt %he econd lngu% of th %irst conparator in
response to an? REPESs8SFRCYRE PRULBEJEPRY Bre%ﬁ?gﬁ %¥1't%e and the
decrease in thescélantveby hod sofidferatotupbedibstweerpuan cduttpet second
conparat ors i n B%Sﬂﬂgsgpéggteﬁe@e E6FEARE ANebRErPNaPHy I SE LGl OUL PUL

vol tage ar’e respectiv

a relative to the correspondi ng change in

e
vol tage at thecéﬂﬁ§91iﬁﬂu93§@¥haﬁﬁ55,tﬂﬁeﬁ°?h@°¥e%%%%%i%ePQWRﬂ¥§&RS%H
;g V?'Eﬁgef?EQQ%QngdP%%@?har@bﬁ@dr%@?ﬁecikbﬁiﬁf!éébhy of tPe

a e first. and_.secqnd inputs .0 e respective conparators
{or " Ao i Aed DOt d BEBERAEnE 0o R SPRE ARl FAABLBPL ne
or deoread tiagey elilgngd,; aadd aosegondnéapstr espoasted to the said

I f Al fi,di : t oSk | $10,i e the

eversal R Ole i B deh 1Ry IHIgnAR R, sTRARR! 1hOrLBREASS

decr ease
vol t ages
rever ses
I ncr ease

bandwi dt h of the

e contraol "circ

*

wherein the ~

out- put neans@nhdldass édmpdearbase dekiectREVPHEPULFI rst i nput coupled to”
the outputs of the fimStpadnd oTe@@Ndy circuits respectively coupled

15
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35

to the second input of the first comparator and to

the first input of the second comparator such that

the inerease in the relatively high voltage at the
second input of the first comparator in response

to an increase in the phase detector output voltage
and the decrease in the relatively low voltage at

the first input of the second comparator in response
to a decrease in the phase detéctor'output_voltage

are respectively delayed relative to the corresponding
change in voltage at the other input such that, when
the respective increase or decrease in voltage exceeds
a predetermined value, the polarity of the voltages "
at the first and second inputs of the respective

~comparators reverses for a predetermined period

dependent on the magnitude of the increase or decrease
in voltage; ' i - . . -
and output means responsive to the said reversal

of polarity for providing an output signal to increase é
the bandwidth of the filter.
2. The control circuit of claim 1 wherein the out-~

put means include a comparator circuit having a first
input coupled to the outputs of the first and second
comparator circuits, and having a second input coupled

\%

gy



35 conparator circuits; and having a sécond i nput coupl ed to a reference—
vol tage. 3. The control circuit of claiml or claim2 and further
conprising an input circuit providing an additional control signal to the\!’

out put nmeans..5 4, The control circuit of claim1 or claim2 wherein’
each of the delay circuits conprise a capacitor charging circuit. 5. A
phaSe | ocked | oop control circuit conprisings-a voltage divider circuit for
rébé|V|ng a pha33110 d%#ector out %t signal; first and second conparat or
circuits each ha F?Pcﬁnﬁﬁﬁ B8finected to receive a relatively | ow
voltage si gnal frlwnthe Vidlet 2gatetioli dércand afsetahd fi npotctaimeZtah to

receive a reIatlvgﬂa&ﬂgﬁﬂb&Héﬁgghggggn Fgggk gﬁgghi gbiagg géylder a

pair of time delay circuits respective Secon I nput of the
first conparator%ﬂﬂfﬁ%?Qﬂ%anWQ§91|ﬁﬁﬁpaéft9h§h§e@BhHquﬁﬁ§¥%tor such that

the increase §n the relanm@ebbnmrgh voktage 5rga@gigo1a§pt@ga§@cpnd i nput
of the first conparatar in res 3% I ncrea ase detector
e

out put vol tage anatHeddtr 552% dFéFKtF%EF91ﬁ8MF9BPYh§§ 31 CIRRCHT 95+
i nput of the seccﬂdnmnnmamam@m1mn response to a decrease in the phase

detector output wpltage af Guader 308k Y6bY UShEXY BELBALYCobibpfyne.

correspondi ng change in voltage at
respective increase or déV@ égﬁnd?@ﬁﬁ&geeékéééﬁsfarp?é@%%%*%ﬁrﬁxPR%ﬁ%e
the polarity wf tdetetddragetpalc EAgnhikst and second inputs of the

r?spectlve 30 Conparator% re erS%ssEg%ng BB%%S%S&Q}”EerS££s each
“\J- ' having a first input connected to receive a relatively
low voltage signal from the voltage divider and a |
second input connected to receive a relatively high
15 wvoltage signal from the voltage divider;

a pair of time delay éircuits respectively
coupled to the second input of the first comparator
and to the first input of the second comparator such
that the increase in the relétively high voltage signal

20 at the second inpﬁt-of the first comparator in response
to an incerease in the phase detector output voltage
and thedecrease in the relatively low'voltage_at the
first input of the second comparator in response to
a decrease in the phase detector output voltage are

LIV 25 respectively delayed relative to the corresponding
change in voltage at the other input such that, when
the respective increase or decrease in voltage exceeds
a predetermined value, the polarity of the voltages
P : at the first and second inputs of the respective
| 30 comparators reverses for a predetermined period
P dependent on the magnitude of the increase ob
decrease in voltage, and output means responsive to
the said reversal of polarity for providing an output
signal to increase the bandwidth of the filter.
35 6. The control circuit of claim 5 wherein the

* [ L M H] *



" dependent on the magnitude of the increase or decrease i-n voltage, and
0 ut means responsive to the said reversal of polarity for providing an

ut signal to increase the bandwidth of the filter. 35 6. The
control circuit of claim5 wherein the 1111111 111111 11111 11111 111111 *
C L M S * -15- conparator circuits conprise operational
anplifiers. 7. The control citcuit ofgclaim5 or claim6 wherein the ™
out put means conprise a . threshold circuit that produces an output in o
response to ei €A PaBPtPﬁeCSPC“EBﬁp%9%E%&S%i9Eﬁﬁ{%¥ﬁﬂiﬁn%9 : iSrg a

sel ected magni fude: 8.The coftEoTonirehitisLutlain i@ neEains 6r 7 wherein
the tinme del ay_gi Lts,.intr e | ne to Gl es | i | |evel
“the time del aywﬁg?%ghrgpgtéﬁegge '{l%a{’%ec?rrg%]ﬁ]? Ude W%‘eo c%a%n%e('gﬁﬁ;n si gnal
level . 9. thagopredhcesrani cutput al phreepdmeketb | vidfien ef divcui t bei ng
substanti ak| y eémgsfstardsmw@domwcg el 8888 Eng % tder @ocyTPanyi ng
drawi ngs. 15 20 25 30 .35

magnitude. o

8. The control circuit of claim 5, 6 or 7 wherein

the time delay circuits introduce a time delay to

changes in signal level, the time delay being related

" 10 to the magnitude of the changes in signal level. '}E
9. A control circuit for a phase locked loop, }f
the circuit being substantially as herein described ;,?

with reference to the accompanying drawings.

15

20

25

5

30

P

35

L



